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DISCLAIMER

Recovery plans delineate actions required to recover and protect federally listed
plant and animal species. We (the U.S. Fish and Wildlife Service) publish
recovery plans, sometimes preparing them with the assistance of recovery teams,
contractors, State agencies, and other affected and interested parties. Recovery
teams serve as independent advisors to the Fish and Wildlife Service. Draft
recovery plans are published for public review and submitted to scientific peer
review before we adopt them. Objectives of the recovery plan will be attained
and any necessary funds made available subject to budgetary and other
constraints affecting the parties involved, as well as the need to address other
priorities. Recovery plans do not obligate other parties to undertake specific
recovery actions and do not necessarily represent the view, official position, or
approval of any individuals or agencies involved in the plan formation other than
our own. They represent our official position only after they have been signed by
the Director, Regional Director, or California/Nevada Operations Manager as
approved. Approved recovery plans are subject to modification as directed by
new findings, changes in species status, and the completion of recovery actions.

Literature Citation should read as follows:

U.S. Fish and Wildlife Service. 2003. Recovery Plan for the Quino Checkerspot
Butterfly (Euphydryas editha quino). Portland, Oregon. x + 179 pp.

Additional copies may be purchased from:

Fish and Wildlife Reference Service

5430 Grosvenor Lane, Suite 110

Bethesda, MD 20814-2158

(301)492-6403 or 1-800-582-3421

Fax: (301)564-4059

Email: fwrs@mail.fws.gov

http://fa.r9.fws.gov/r9fwrs

The fee for the plan varies depending on the number of pages in the plan.

An electronic version of this recovery plan will also be made available at
http://pacific.fws.gov/ecoservices/endangered/recovery/default.htm and at
http://endangered.fws.gov/recovery/index.html#plans.
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EXECUTIVE SUMMARY

Current Status: The Quino checkerspot butterfly (Euphydryas editha quino), is
federally listed as endangered. This taxon occurs in San Diego and Riverside
Counties and several localities in Baja California Norte, Mexico. Although no
long-term empirical monitoring of populations has been conducted, some
conclusions may be drawn regarding the species' overall status. The Quino
checkerspot butterfly has apparently undergone a limited increase in abundance
and distribution following its disappearance during the prolonged 1980's
drought. However, current species abundance and distribution remain far below
the pre-drought 1970's levels, and there is no evidence that the long-term decline
due to human impacts has slowed (see section I.C.5 below, Metapopulation
Resilience). Although large portions of occupied habitat are under public
ownership, few, if any, known population distributions (preliminarily delineated
in this document as occurrence complexes, further defined below) are entirely
protected. There are no populations currently known to be resilient. Destruction
and degradation of occupied habitat continues throughout the range of the Quino
checkerspot butterfly, and some level of ongoing degradation exists in all
occupied habitat.

Habitat Requirements and Limiting Factors: The Quino checkerspot butterfly is

found in association with topographically diverse open woody canopy
landscapes containing low to moderate levels of nonnative vegetation compared
to disturbed habitat. Vegetation types that support the Quino checkerspot
butterfly include coastal sage scrub, open chaparral, juniper woodland, and
native grassland. Soil and climatic conditions, as well as other ecological and
physical factors, affect the suitability of habitat within the species’ range. Urban
and agricultural development, invasion of nonnative species, habitat
fragmentation and degradation, and other human-caused disturbances have
resulted in substantial losses of habitat and declines in habitat suitability
throughout the species’ historic range. Conservation needs include protection
and management of landscape connectivity (habitat patches and intervening
dispersal areas); habitat restoration and enhancement; and establishment of a
formal Quino checkerspot butterfly captive breeding program.
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The recovery strategy focuses on landscape-level protection of metapopulations
that experience marked fluctuations in density and geographic distribution on a
scale of 5 to 10 years. This recovery plan identifies six recovery units
(Northwest Riverside, Southwest Riverside, South Riverside, South
Riverside/North San Diego, Southwest San Diego, and Southeast San Diego).
Recovery units are the major units for managing recovery efforts. Most recovery
units contain one or more existing core (relatively large) occurrence complexes.
A number of factors were considered in identifying recovery units, primarily
biological and genetic factors, political boundaries, and ongoing conservation
efforts. In some instances, recovery unit boundaries were modified to maximize
efficiency of reserves, encompass areas of common threats, or accommodate
logistic concerns. Recovery units may include areas of apparently suitable
networks of habitat patches and dispersal areas that are not known to be
occupied, when biological evidence warrants. Biologically, Quino checkerspot
butterfly recovery units include areas within which gene flow is currently
possible.

Recovery Priority: 6C, per criteria published in the Federal Register (U.S. Fish

and Wildlife Service 1983a, 1983b). The priority is based on designation as a
subspecies with a high degree of threat, a moderate to low potential for recovery,

and existing conflict between the species’ conservation and development.

Objectives: The overall objective of this recovery plan is to reclassify the Quino
checkerspot butterfly from endangered to threatened status and ensure the
species’ long-term conservation. Interim goals include: (1) protect and manage
habitat supporting known current population distributions (occurrence
complexes) and landscape connectivity between them; (2) maintain or create
resilient populations; and (3) conduct research necessary to refine recovery
criteria. Reclassification to threatened status is appropriate when a taxon is no
longer in danger of extinction throughout a significant portion of its range.
Because data upon which to base reclassification decisions are incomplete,
downlisting criteria in this recovery plan are necessarily preliminary. There are

insufficient data on which to base delisting criteria at this time.
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Recovery Criteria:

The Quino checkerspot butterfly could be downlisted to threatened when the

following criteria are met:

1) Permanently protect the habitat within occurrence complexes (estimated
occupied areas based on habitat within 1 kilometer (0.6 mile) of recent butterfly
occurrences; see section I.D below, Distribution and Habitat Considerations), in
a configuration designed to support resilient populations. One or more
occurrence complexes may belong to a single greater population distribution, or
an occurrence complex may contain more than one whole or partial population
distributions. When population distributions are determined, they will replace
the occurrence complex as the protected unit. There are currently 46 described

occurrence complexes.

2) Conduct research including: determine the current short-term and potential
long-term distributions of populations and associated habitat; conduct
preliminary modeling of metapopulation dynamics for core occurrence
complexes identified in section I.D below (Distribution and Habitat
Considerations).

3) Permanently provide for and implement management of occurrence
complexes (or population distributions when delineated) to restore or enhance
habitat quality and population resilience. Management should be implemented
as described in Recovery Action 1 (section II.C below, Recovery Action
Narrative).

4) The protected, managed (conserved) population segments within core_
occurrence complexes (or population distributions when delineated) must
demonstrate evidence of resilience. Evidence of resilience is demonstrated if a
decrease in the number of occupied habitat patches over a 10- to 20-year period
within an occurrence complex (or population distribution when delineated) is
followed by increases of equal or greater magnitude. Monitoring must be
initiated in the third of three years of favorable climate (total annual January and
February precipitation within one standard error of the average total for those
months over the past 30 years, based on local or proxy climate data).



Populations that do not demonstrate resilience after 20 years should be
augmented and monitoring reinitiated.

5) One additional population should be documented or introduced within the
Lake Matthews population site (formerly occupied, not known to be currently
occupied) in the Northwest Riverside Recovery Unit. At least one of the extant
populations outside of current recovery units (e.g. the San Vicente Reservoir
occurrence complex) must meet resilience specifications above unless an
additional population is established or documented within 10 kilometers (6
miles) of the ocean (a more stable marine climate influence should minimize
susceptibility to drought and reduce probability of extirpation).

6) Establish and maintain a captive propagation program for purposes of
maintenance of representative refugia populations, research, and reintroduction
and augmentation of wild populations as appropriate.

7) Initiate and implement a cooperative outreach program targeting areas where
Quino checkerspot butterfly populations are concentrated in western Riverside
and southern San Diego Counties.

At present there is insufficient information about the biology of the species to
establish criteria and timeframes for delisting. Research needs for development

of delisting criteria are described under Recovery Action 6 below.

Actions Needed:

1) Protect and manage as much remaining habitat as possible that is part of the
known population distributions in a configuration designed to support resilient
metapopulations in all recovery units. Conduct intensive restoration of
agricultural and grazed areas and degraded habitat in the Southwest San Diego
and Southwest Riverside Recovery Unit core occurrence complexes.

2) Continue yearly reviews and monitoring as needed as part of adaptive
management until resilient occurrence complexes or populations are achieved.
3) Assess and augment lowest density populations.

4) Establish and maintain a captive propagation program.

5) Develop and implement community outreach projects.

6) Conduct research needed to refine recovery criteria and guide conservation
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efforts (survey areas between and around occurrence complexes to determine
where there is intervening and/or additional landscape connectivity; map habitat
patch distributions; monitor habitat loss; conduct preliminary modeling of
metapopulation dynamics; investigate key natural history questions and threats).
7) Locate or reintroduce at least one population within the Lake Matthews
population site.

8) Reduce firearm use and unauthorized trash dumping in habitat areas.

9) Continue dialogue with the Cahuilla Band of Indians.

10) Survey for habitat and/or undocumented populations within recovery units.
11) Survey other areas that could possibly support Quino checkerspot butterfly
populations.

12) Enter into dialogue with Baja California, Mexico, nongovernmental

organizations and local governments.

Total Estimated Cost to Meet Interim Recovery Objectives: $ 140,990,000 +
additional costs that cannot be determined at this time.

Date of Recovery: Downlisting could be initiated in 2018 or sooner, if recovery

criteria are met.
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I. INTRODUCTION
A. Brief Overview

The distribution and abundance of the Quino checkerspot butterfly (Euphydryas
editha quino) have been dramatically reduced during the past century as a result
of agricultural and urban development and other land-use changes in southern
California. Immediate protection and management of the habitats that support
the species, initiation of a captive propagation program, and development of the
monitoring scheme and research agenda described in this recovery plan will be
necessary to prevent extinction of the Quino checkerspot butterfly.

The Quino checkerspot butterfly (Figure 1) is currently known only from
western Riverside County, southern San Diego County, and northern Baja
California, Mexico, although the historic range of this taxon included much of
coastal California south of Ventura County and inland valleys south of the
Tehachapi Mountains (Figure 2). More than 75 percent of the Quino
checkerspot butterfly's historic range has been lost (Brown 1991, Figure 2),
including more than 90 percent of its coastal mesa and bluff distribution. Quino
checkerspot butterfly populations appear to have been reduced in number and
size by more than 95 percent range-wide, primarily due to direct and indirect
human impacts including habitat loss and fragmentation, invasion of nonnative
plant species, and disrupted fire regimes (D. Bauer, D. Murphy, and M. Singer,
pers. comm.). In this recovery plan, populations associated with Quino
checkerspot butterfly occurrences recorded in the 1990's or more recently are

considered to be extant; any older records are deemed historic occurrences.

This recovery plan describes six geographic areas called recovery units

(Figure 3), which are based primarily on habitat regions that support extant
Quino checkerspot butterfly populations. Habitat regions are described below in
section [.D (Distribution and Habitat Considerations), and the recovery units
associated with these habitat regions are specifically delineated in section I.G.1.
(Recovery Units). Recovery units contain both lands that are considered
essential and lands that are not considered essential to the conservation of the
species. Determination of management needs and habitat configurations
required for long-term persistence of the species will require further surveys,



Figure 1. Quino checkerspot butterfly. Photo used by permission of Guy

Bruyea.
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monitoring, modeling, and other research described below in section I1.C
(Recovery Action Narrative). Habitat within the current known distribution of
the species ranges from moderately to highly disturbed and invaded by nonnative
species. No pristine habitat remains for the butterfly north of the international
border (D. Murphy, G. Pratt, M. Dodero, and C. Parmesan, pers. comm.).

We (the U.S. Fish and Wildlife Service) listed the Quino checkerspot butterfly as
an endangered species on January 16, 1997 (U.S. Fish and Wildlife Service
1997a). On February 7, 2001, we proposed critical habitat for the Quino
checkerspot butterfly (U.S. Fish and Wildlife Service 2001a), and on April 15,
2002, final critical habitat was designated (U.S. Fish and Wildlife Service
2002a). This species has a Recovery Priority of 6C, based on the classification
system published in the Federal Register (U.S. Fish and Wildlife Service 1983a,
1983b). This priority number reflects the subspecific status of the butterfly, a
high degree of threat, a moderate to low potential for recovery, and existing
conflicts with construction or other land development. This recovery plan
attempts to reduce the risk of the species' extinction by recommending protection
and long-term management of habitat necessary to support resilient populations.
Due to highly degraded habitat conditions and very low population sizes range-
wide, long-term adaptive management will also be required. Protection of high-
quality habitats with resilient Quino checkerspot butterfly populations in Baja
California, Mexico, is also needed.

B. Description and Taxonomy

The Quino checkerspot butterfly is a member of the family Nymphalidae (brush-
footed butterflies) and the subfamily Melitaeinae (checkerspots and fritillaries).
The Quino checkerspot butterfly is a subspecies of the Edith’s checkerspot
butterfly (Euphydryas editha); it differs from other subspecies in a variety of
characteristics including size, wing coloration, and larval and pupal phenotype
(Mattoni et al. 1997).

The taxon now commonly called the Quino checkerspot butterfly has undergone
several nomenclatural changes. It was originally described as Melitaea quino
(Behr 1863). Gunder (1929) reduced it to a subspecies of Euphydryas
chalcedona. At the same time, he described Euphydryas editha wrighti from a
checkerspot butterfly specimen collected in San Diego. After reexamining
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Behr’s descriptions and specimens, Emmel ez al. (1998) concluded that the
Quino checkerspot butterfly should be associated with E. editha, not E.
chalcedona, and that it was synonymous with E. editha wrighti. Because

E. editha wrighti is a junior synonym for the Quino checkerspot butterfly, E.
editha quino is now the accepted scientific name.

The adult Quino checkerspot butterfly (Figure 1), has a wingspan of
approximately 4 centimeters (1.5 inches). The dorsal (top) sides of the wings
have a red, black, and cream colored checkered pattern; the ventral (bottom)
sides are dominated by a checkered red and cream pattern. The abdomen of the
Quino checkerspot butterfly has red stripes across the top. After their second
molt, Quino checkerspot butterfly larvae can be recognized by the characteristic
dark-black coloration and row of 8 to 9 orange tubercles (fleshy/hairy
extensions) on their back. Before their first molt, larvae have a predominantly
yellow coloration, and before their second molt they are grey with black
markings (G. Pratt, pers. comm. 1999). Pupae are mottled black on a pale blue-
gray background, and extremely cryptic. Inexperienced surveyors in the field
may confuse the Quino checkerspot butterfly with three other co-occurring
butterfly species: the chalcedon or variable checkerspot (Euphydryas
chalcedona), Gabb's checkerspot (Chlosyne gabbi), and Wright's checkerspot
(Thessalia leonira wrighti). Chalcedon checkerspot butterfly adults are darker
and often larger than Quino checkerspot butterflies, and have white abdominal
stripes and spots instead of red stripes. Male and female Gabb’s checkerspot
butterfly adults have a more orange appearance than Quino checkerspot
butterflies, but female coloration is of higher contrast and may closely resemble
Quino checkerspot butterflies. Gabb’s checkerspot butterflies can be
differentiated from Quino checkerspot butterflies by silver-white spots on their
underwings, the lack of red abdominal stripes, and a scalloped forewing margin.
Because adult morphology of Euphydryas butterfly species is variable, a
combination of morphological characters should be used to distinguish them
from similar species in the field.

C. Life History

Few specific studies of Quino checkerspot butterfly biology have been

conducted. One paper reported observations of Quino checkerspot butterfly

population dynamics (Murphy and White 1984) and another addresses local
6



movement behavior (White and Levin 1981). More recently, one quantitative
larval habitat use study (Osborne and Redak 2000) and two distribution studies
(Parmesan 1996 and Pratt et al. 2001) have been published. Therefore, most
information in this section is drawn from the abundant literature reporting
research on other subspecies of Euphydryas editha, in particular the bay
checkerspot butterfly (E. editha bayensis). Although it is generally true that
different subspecies of E. editha have similar life histories, such assumptions
must be made with caution, especially with regard to characteristics affected by
unique local environmental conditions.

1. Life Cycle

The life cycle of the Quino checkerspot butterfly (Appendix I) typically includes
one generation of adults per year, with a 4 to 6 week flight period beginning
from late January to early March and continuing as late as early May, depending
on weather conditions (Emmel and Emmel 1973, U.S. Fish and Wildlife Service
2003). If sufficient rain falls in late summer or early fall, a rare second
generation of reduced numbers may occur (Mattoni et al. 1997). Females are
usually mated on the day they emerge from pupae, and lay one or two egg
clusters per day for most of their adult life. Adults live from 10 to 14 days;
however, adult emergence from pupae is staggered, resulting in a 1 to 2 month
flight season. Peak emergence in most brush-footed (nymphalid) butterfly
species, and probably for the Quino checkerspot butterfly as well, occurs shortly
after the beginning of the flight season, usually in the second week (Zonneveld
1991). Eggs deposited by adults hatch in 10 to 14 days.

The periods between molts (shedding skin) are called instars. Larvae that hatch
from eggs are in the first instar, and may subsequently undergo as many as 7
instars prior to pupation. During the first two instars, prediapause larvae cannot
move more than a few centimeters and are usually restricted to the plant on
which eggs were laid (the primary host plant species). Prediapause larvae spin a
web and feed in groups. Webs are fairly conspicuous and associated with visible
feeding damage to the plant. During the third instar (about 10 days after
hatching), larvae are able to move to new individual host plants. Third instar
larvae usually wander independently in search of food, and may switch from
feeding on the plant on which they hatched to another plant of the same species
(primary host plant), or another host plant species (secondary host plant).
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During larval development, the host plants age, eventually drying out and
becoming inedible (senescence). At the time of host plant senescence, if larvae
are old enough and have accumulated sufficient reserves, they are able to enter
diapause. Larvae have been observed entering diapause in the lab as early as the
second instar, and surviving to the next season (K. Osborne and G. Pratt, pers.

comm.).

Diapause is a resting state that enables larvae to maintain a low metabolic rate
and may occur during periods when host plants are not available. While in
diapause, larvae are much less sensitive to climatic extremes and can tolerate
temperatures from over 49 degrees Celsius (120 degrees Fahrenheit) to below
freezing (M. Singer, pers. comm.). The larval exterior, or skin, is distinctive
during diapause, becoming much blacker with denser “hairs” (setae) than earlier
instars (Appendix I). Diapausing Euphydryas editha larvae have been observed
curled up under rocks or sticks, and enclosed in a light webbing (C. Parmesan
and M. Singer, pers. comm.). Although the location of diapausing sites of Quino
checkerspot butterfly larvae in the field has not been researched, the presence of
clusters of post diapause larvae found near dense grass and shrub cover indicates
they may diapause in these areas (Osborne and Redak 2000).

Like many other related butterflies, Euphydryas editha larvae can live for several
years. One mechanism that generates longevity is repeated diapause (Singer and
Ehrlich 1979), which occurs when larvae emerge from diapause, feed, and then
re-enter diapause, postponing development until the next year. It has been
suggested that Quino checkerspot butterfly larvae may also be able to survive
without “breaking” diapause to feed in extremely dry years (G. Pratt, pers.

comm.).

It is not known if Quino checkerspot butterfly larvae can store enough energy
reserves to prolong diapause without feeding at all for more than a year.
However, the Quino checkerspot butterfly's ability to undergo repeated diapause
is thoroughly documented. Laboratory studies have repeatedly shown that post-
diapause Euphydryas editha larvae feeding in early spring are able to re-enter
diapause and postpone development another season if food resources are
exhausted (G. Pratt and M. Singer, pers. comm.). However, repeated diapause in
the field has not been studied, and experts do not agree on how prevalent it might
be under typical environmental conditions. There have been rare field
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observations of larvae that had re-entered diapause (D. Murphy and M. Singer,
pers. comm.). For example, M. Singer (pers. comm.) found more than 50 bay
checkerspot butterfly larvae that had re-entered diapause in the middle of a patch
of host plants that had been totally consumed. Return to diapause may also
occur under conditions when plants are unusually dry or developmentally
advanced, because poor host plant conditions can result in high larval mortality.

The Recovery Team did agree that under exceptionally poor conditions, most or
even all larvae at a site may re-enter diapause, although this occurrence has not
been documented in the field. Larvae appear to have a narrow window of time
during which diapause may be re-entered. Last instar larvae do not appear to be
able to re-enter diapause, and repeated diapause has only rarely been observed in
next-to last instar larvae (G. Pratt, pers. comm.). Also, there is probably a
significant mortality risk during diapause (Moore 1989), so the likelihood of
successful development and reproduction must be lower than the probability of
surviving a second season of diapause for repeated diapause to have a fitness
benefit. Because Quino checkerspot butterfly larvae can re-enter diapause, it is
possible that an adult flight period may only include a portion of the original
larval population or may not occur at all in some occupied sites under adverse
conditions. From the perspective of judging whether a population has been
extirpated, it is important to know that a normally robust population may
generate no adults at all in a given year if poor environmental conditions
preclude an adult flight period.

Sufficient rainfall, usually during November or December, apparently causes
larvae to break diapause. Records of rare late second flight seasons following
unusual summer rains indicate that the Quino checkerspot butterfly does not
require winter chilling to break diapause, and may not diapause at all under some
circumstances (Mattoni ez al. 1997). Rain stimulates germination and growth of
the host plants fed upon by postdiapause larvae. Postdiapause bay checkerspot
butterfly larval dispersal has been documented; larvae have been observed to
travel up to 3.5 meters (11.5 feet) during a 4-day period (Weiss et al. 1987).
Greater larval dispersal distances were rare, but movement up to 10 meters (33
feet) per day has been recorded (Weiss et al. 1988). During one study of Quino
checkerspot butterfly larvae at Lake Skinner, Riverside County, post-diapause
larvae were observed to typically move 0.5 to 1 meter (20 to 40 inches) per hour
while grazing, many moving up to 30 to 40 meters (100 to 130 feet) during the
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course of development (K Osborne, pers. comm.) Postdiapause larvae seek
microclimates with high solar exposure, which helps speed development (White
1975, Weiss et al. 1987, Osborne and Redak 2000).

Because of variable weather during winter and early spring, the time between
diapause termination and pupation can range from 2 weeks, if conditions are
warm and sunny, to 2 or 3 months, if cold, rainy conditions prevail (G. Pratt,
pers. comm.). Postdiapause larvae undergo three to as many as six molts prior to
pupating in silken shelters near ground level. Adults emerge from pupae after
approximately 10 days, depending on weather (Mattoni ef al. 1997).

2. Adult Behavior and Resource Use

Adult Quino checkerspot butterflies spend time searching for mates, basking in
the sun to thermoregulate, feeding on nectar, defending territories, and (in the
case of females) searching for oviposition sites and depositing eggs. The Quino
checkerspot butterfly is ectothermic, using air temperatures and sunshine to
increase body temperatures to levels required for flight. If air temperature is
cool, clear skies and bright sunshine may provide enough thermal power for
flight, but flight is not possible below about 16 degrees Celsius (60 degrees
Fahrenheit). In warmer air temperatures, flight may still be possible with
scattered clouds or light overcast conditions, but has not been observed in very
cloudy, overcast, or foggy weather. Adults remain hidden (often roosting in
bushes or trees) during fog, drizzle, or rain, and usually avoid flying in windy
conditions (sustained winds greater than 24 kilometers [15 miles] per hour).
Euphydryas editha butterflies generally fly close to the ground in a relatively
slow, meandering flight pattern (M. Singer, pers. comm.).

Adult (K. Osborne, pers. comm. 2002) and larval (Osborne and Redak 2000)
Quino checkerspot butterflies, like some other subspecies of Euphydryas editha,
show a tendency to occur in barren spots amidst low-growing vegetation. Quino
checkerspot butterflies tend to avoid flying over trees, buildings, or other objects
taller than about 2 meters (7 feet), but natural vegetation does not constitute an
impermeable barrier to dispersal (D. Murphy, G. Pratt, C. Parmesan, and K.
Osborne, pers. comm.). Other subspecies of E. editha, whose host plants are
more diffusely distributed than the bay checkerspot butterfly, have been
observed to fly over tall vegetation (Gilbert and Singer 1973). It is thought that
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the typically sedentary nature of bay checkerspot butterflies is associated with
the well-defined boundaries of their serpentine grassland habitat patches, termed
“intrinsic barriers,” rather than restriction by true vegetation “barriers” (Gilbert
and Singer 1973). Quino checkerspot butterfly thermodynamic requirements and
natural avoidance of shaded areas deter flight in densely wooded areas and other
types of closed-canopy vegetation (M. Singer, pers. comm.).

Male Quino checkerspot butterflies, and to a lesser extent females, are frequently
observed on hilltops and ridgelines (Carlsbad Fish and Wildlife Office GIS
Quino checkerspot butterfly database and metafile, Osborne 2001). A number of
behaviors characteristic of species commonly found on hilltops have been
documented. For example, male Quino checkerspot butterflies have been
observed perching consistently in prominent locations on hilltops devoid of host
plants and have been seen “attacking” other male Quino checkerspot butterflies
as well as other species of butterfly that approach (Osborne 2001, Pratt 2001).
Further evidence that Euphydryas editha may display hilltopping behavior was
found in Colorado, where the males of an E. editha population were observed
aggregating on hilltops during a time when population densities were low and
the females of the species traveled to seek mates (Ehrlich and Wheye 1986, as
discussed in Ehrlich and Murphy 1987). Hilltops may also represent centers of
Quino checkerspot butterfly population density in some areas. Hilltops appear to
be a resource contributing to Quino checkerspot butterfly survival. Because
adult Quino checkerspot butterflies are frequently observed on hilltops (U.S.
Fish and Wildlife Service database), even in the absence of nearby larval host
plants (Osborne 2001), hilltops and ridgelines may be crucial for population
survival and therefore should be searched during presence/absence surveys and
included in reserve designs.

Bay checkerspot butterflies appear to exhibit sedentary behavior during the
majority of their adult life in most seasons. Most bay checkerspot recaptures
have occurred within 100 to 200 meters (330 to 660 feet) of release (Ehrlich
1961, 1965, Gilbert and Singer 1973, White and Levin 1981, Harrison 1989,
Boughton 1999, 2000). Harrison et al. (1988) documented no between-habitat
patch transfers of marked bay checkerspot individuals greater than 1 kilometer
(0.6 miles). In a second study, only 5 percent of marked adult bay checkerspots
were recaptured in a target habitat patch greater than 1 kilometer (0.6 miles)
from the point of release (Harrison 1989). Average recapture distances for
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Finnish checkerspot butterfly species closely related to the Quino checkerspot
butterfly ranged from 151 to 646 meters (495 to 2,119 feet; Wahlberg et al.
2002). However, dispersal tendency appears to be relatively plastic in
Euphydryas editha (White and Levin 1981) and may have evolved to fit local or
regional situations (Gilbert and Singer 1973). White and Levin (1981) noted that
“It seems likely from the lower return rate in 1972 [a dry year] and from the
observed pattern of out-dispersal, that many marked [male Quino checkerspot
butterfly] individuals dispersed beyond the area covered by our efforts that
year.” White and Levin (1981) also noted that when released in Quino
checkerspot butterfly habitat in San Diego County, bay checkerspot butterflies
behaved more like Quino checkerspot butterflies (moved significantly greater
distances) than did bay checkerspot butterflies in their native San Francisco Bay
area habitat. Female checkerspot butterflies have been found to be more likely
to emigrate than males (Wahlberg et al. 2002), and older adults appear to have a
greater tendency to disperse as host plant suitability and female egg loads decline
(White and Levin 1981, Harrison 1989).

When quality host plants are in short supply, adult Quino checkerspot butterflies
apparently respond by dispersing (White and Levin 1981, Murphy and White
1984). Quino checkerspot butterfly dispersal tendency greatly increased in 1977
when population density was extremely high and many habitat patches were
defoliated (Murphy and White 1984). Dispersal tendency also increased when
densities were low and dry conditions reduced the number and suitability of host
plants for depositing eggs (oviposition) (White and Levin 1981). Long-distance
dispersal in bay checkerspot butterflies has been documented as far as 6.4
kilometers (4 miles; 1 male) (Murphy and Ehrlich 1980; D. Murphy, pers.
comm. 2001), 5.6 kilometers (3.5 miles; 1 male), and 3 kilometers (2 miles; 1
female) (Harrison 1989). Individual long-distance dispersal may be prevalent
under certain conditions, but the likelihood of long-distance colonization by a
given individual is usually low because environmental conditions promoting
dispersal are not likely to also allow successful colonization. In 2002, an
unusually dry season throughout the range of the Quino checkerspot butterfly,
females did not appear to be dispersing from their natal habitat patches early in
the season, despite the lack of suitable host plants on which to oviposit (A.
Anderson, pers. observ. 2002, K. Osborne, G. Pratt, pers. comm. 2002).
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Dispersal direction in the bay checkerspot butterfly was generally found to be
random (Harrison 1989), but dispersing butterflies were likely to move into
habitat patches when they passed within 50 meters (160 feet), and were most
likely to stay where existing density was lowest (Harrison 1989). Bay
checkerspot butterfly research data also suggested that patches separated from a
source population by hilly terrain were less likely to be colonized than patches
separated by flat ground (Harrison 1989). Harrison (1989) concluded that
because establishment rates were low (during her study) and initial dispersal
direction was random, relatively large numbers of butterflies must have
emigrated from the source population at some point to explain the apparent long-
term habitat patch recolonization pattern. High emigration and habitat patch
colonization rates probably only occur during rare outbreak years, when high
local densities combine with favorable establishment conditions in “unoccupied”
patches (not supporting larval development; Harrison 1989). Rare outbreak
events are thought to play a crucial role in Quino checkerspot butterfly
metapopulation resilience (Murphy and White 1984).

Establishment of local populations in distant habitat patches may be achieved
within a single season through dispersal of individual butterflies, or over several
seasons through “stepping-stone” habitat patch establishment events. Research
conducted during the late 1970's and late 1980's on the Morgan Hill
metapopulation of bay checkerspot butterflies recorded island habitat patch
reestablishment distances from the mainland habitat patch averaging 3.4
kilometers (2.8 miles), with a minimum individual butterfly movement distance
of 1.4 kilometers (0.9 mile) up to a maximum of 4.4 kilometers (2.8 miles) in
individual dispersal or stepping-stone movements (Harrison et al. 1988).
Dispersal studies in sum suggest that long distance movements by individuals
are not common, but may be sufficient to allow for infrequent between-patch
exchanges of up to 6 kilometers (3.7 miles). Bay checkerspot butterfly habitat
patch reestablishment patterns and models suggest that habitat patches as distant
as 7 kilometers (4.3 miles) may provide sources of reestablishment for each
other via stepping-stone dispersal over a 40- to 50-year period (Harrison 1988).

The selection of specific plant species by Euphydryas editha on which to deposit
eggs is genetically determined, and strong natural selection can lead to rapid
changes in diet (Singer et al. 1991). Host plant preference in females can be
quantified by measuring the amount of time a butterfly searches before it will
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deposit eggs on less preferred host plants (Singer ef al. 1992). The ability of E.
editha larvae to grow and survive on particular host plant species is variable
among individual larvae (Singer et al. 1988) and among larval populations
(Singer et al. 1994, Rausher 1982). When female E. editha butterflies fail to
encounter preferred host plants, the likelihood of emigration to other suitable
habitat patches increases (Thomas and Singer 1987). Host plant preference, host
plant availability, and host plant resistance to herbivores all affect butterfly diet,
which in turn affects habitat colonization rates and local population persistence
(Hanski and Singer 2001). Because aspects of metapopulation dynamics are
apparently emergent properties affected by a number of host plant and butterfly
characteristics, further research should be conducted on these interactions.

Most Quino checkerspot butterfly ovipositing has been documented on Plantago
erecta (dwarf plantain). Rahn (1979) described the habitat of P. erecta as “dry
sandy soil in dunes, grassy hills and flats, and clearings in woods.” Plantago
erecta occurs in southern California within annual forbland, scrub, grassland,
and open chaparral plant communities. It can be found on soils with or without
cryptogamic crusts (a thin organic crust composed of cyanobacteria, lichens,
mosses, and fungi), and is often associated with fine-textured clay soils (Pratt
2001, K. Osborne, pers. comm. 2002). It is not known whether the plant species
has an affinity for clay soils in southern California, or the soils reduce
competition from invasive nonnative annual forbs and grasses. Plantago erecta
does not appear to have any special requirements for germination associated with
fire. For instance, its seed coat imbibes moisture and forms mucilage (A.
Sanders, pers. comm.), which is not a trait of obligate fire-following species. It
may become more abundant immediately after a fire because of the reduction of
canopy cover and other changes that favor the species. Seed bank persistence
and dynamics in P. erecta are not well understood, but they may have major
impacts on Quino checkerspot butterfly populations, and warrant further
research. An apparent high degree of annual turnover of P. ovata (desert
indianwheat plantain) seed was observed at Jasper Ridge (N. Chiariello, pers.
comm.). However, at Lower Otay Lakes, San Diego County, bouts of total
defoliation of host plant patches prior to seed set were followed by dense
germination the following year, indicating that the seed bank persists at least 2
years in that area (Murphy and White 1984). Female Quino checkerspot
butterflies appear to prefer ovipositing on individual P. erecta plants that exhibit
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a more spreading growth - specifically, on leaves closest to the ground (Pratt
2001). Plantago erecta flowers in April and May (Rahn 1979).

Another apparently important, but only recently documented, primary host plant
is Antirrhinum coulterianum (white snapdragon; Pratt 2001). All Quino
checkerspot butterfly egg and larval clusters found during the 2001 season in the
Silverado Occurrence Complex, Riverside County (see section I.D, Distribution
and Habitat Considerations), were on this plant species. Antirrhinum
coulterianum appears to be a facultative fire-follower in nondesert areas;
Thompson (1988) described the plant’s habitat as follows:

This species can be found dependently, year after year, in desert plant communities,
often growing between shrubs. In parts of its range that are dominated by chaparral
or coastal sage plant communities, fire or other disturbance seems to be required for
the appearance of this species; it is on burns in these plant communities that the
plants reach their largest size; a few comparatively small plants can be found in these
areas at other times, usually on exposed or disturbed sites.

Antirrhinum coulterianum is generally found between 2 and 520+ meters (5 and
1,700+ feet) in elevation and flowers from April through July (Thompson 1988);
thus its availability for larval consumption early in the season may be similar to
the availability of Plantago host species, although it probably remains edible
longer because of its larger, more robust morphology.

Antirrhinum coulterianum displays a number of morphological characteristics
that make it unique in the genus Antirrhinum (Thompson 1988), and one of them
may explain why it is the only species of this genus reported to be a primary host
plant of Euphydryas editha. Large individuals often produce a substantial cluster
of spreading leaves close to the ground (Thompson 1988), similar to the growth
form of Plantago erecta apparently preferred by female Quino checkerspot
butterflies for oviposition.

The hypothesis that Antirrhinum coulterianum played an important role in the
evolution and ecology of the Quino checkerspot butterfly is also corroborated by
the plant species’ distribution relative to that of the butterfly. Antirrhinum
coulterianum has the most restricted range of any of the Quino checkerspot

butterfly's primary host plant species. The plant species’ range also corresponds
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very closely with the historic range of the Quino checkerspot butterfly (Figure
2), and the Southwest California Floristic Province (Hickman 1996). If fire-
following populations of 4. coulterianum were an essential component of Quino
checkerspot butterfly habitat prior to the advent of fire suppression practices, that
would partly explain the absence of recent Quino checkerspot butterfly
observations in parts of its historic range, such as central San Diego County and
the Santa Ana Mountains in Orange County. Further research into the current
and historic relationships between the Quino checkerspot butterfly and

A. coulterianum should be conducted.

Another species of Plantago that was recently documented as a primary host
plant for the Quino checkerspot butterfly is Plantago patagonica (woolly
plantain; Pratt 2000, 2001). Plantago patagonica is the only species of Plantago
found in the Silverado Occurrence Complex (see section 1.D, Distribution and
Habitat Considerations), and numerous egg and larval clusters were documented
on this plant species during the 2000 season. Plantago patagonica occurs in dry
and sandy soil, generally between 200 and 2,000 meters (656 and 6,562 feet) in
elevation (Rahn 1979). This species overlaps in distribution with P. erecta at
lower elevations, but P. erecta is probably more edible (less “hairy,” and softer),
for small pre-diapause larvae. It may be used for oviposition only when other
host plant species are less available or less suitable. Plantago patagonica has
only been documented thus far in occupied Quino checkerspot butterfly habitat
where either P. erecta or Antirrhinum coulterianum also occur.

Cordylanthus rigidus (thread-leaved bird’s beak), a partially parasitic plant often
found at high densities in disturbed areas (Chuang and Heckard 1986), is perhaps
the most widely distributed of all the primary host plants. Habitat of the plant is
described as “open slopes and flats of foothill woodlands, chaparral margins, and
coniferous forests” (Chuang and Heckard 1986). As noted for A. coulterianum,
the range of the subspecies C. rigidus setigerus that has been documented as a
primary Quino checkerspot butterfly host plant corresponds very closely with the
historic range of the butterfly (Figure 2), and the Southwest California Floristic
Province (Hickman 1996). However, unlike other primary host plant species, it
is doubtful that C. rigidus could support a Quino checkerspot butterfly
population in isolation from other host plants. Because it is a late-blooming
hemi-parasite, it is believed by some to be too small in stature and too low in
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abundance early in the season to support post-diapause larval populations.
Cordylanthus rigidus flowers in July and August (Chuang and Heckard 1986).

Plant species may be used as primary, or secondary (species of host plants
consumed by larvae but not used by adults for ovipositing) hosts depending on
site conditions. Other possible primary host plants include Castilleja exserta
(owl’s-clover) and other native Plantago species. Castilleja exserta is probably
most important, however, as a secondary host plant (see secondary host plant
discussion below). In some situations, specific combinations of host plant
species should enhance habitat suitability. Various combinations of P. erecta, P.
patagonica, Antirrhinum coulterianum, C. exserta, and Cordylanthus rigidus can
be found at sites occupied by Quino checkerspot butterflies. All primary host
plants for the Quino checkerspot butterfly overlap in range with others in some
areas, and the presence of multiple host plant species may be an indication of
habitat quality. The species of plant used for oviposition at a given site may
change depending on the prevailing environmental conditions. At occupied
high-elevation sites (1,219 to 1,524 meters [4,000 to 5,000 feet]) (e.g. the
Silverado Occurrence Complex; see section [.D, Distribution and Habitat
Considerations), A. coulterianum and P. patagonica co-occur. All observed eggs
at the Silverado Occurrence Complex were laid on P. patagonica in 2000, and on
A. coulterianum in 2001 (Pratt 2001). Antirrhinum coulterianum was not
recorded at the Silverado Occurrence Complex in 2000 (Pratt 2001), and may be
too sparse in some years to support reproduction.

Secondary host plants may be important before and after larval diapause.
Secondary host plants are important for pre-diapause larvae when the primary
hosts become inedible before larvae can enter diapause. Such was the case with
populations of the bay checkerspot butterfly where Plantago erecta was the
primary host plant, but most larvae survived to reach diapause by migrating to
Castilleja exserta. Pre-diapause larvae fed on C. exserta until diapause, then
returned to feeding on P. erecta when they broke diapause in winter (Singer
1972, Ehrlich et al. 1975). Some populations of Quino checkerspot butterfly
may also be dependent for survival on multiple overlapping primary and
secondary host plant distributions. In 2001, host plant micro-patches near
Barrett Junction, San Diego County, had abundant populations of Cordylanthus
rigidus and C. exserta intermingled with P. erecta, but all the larval clusters
(where oviposition occurred) were found on C. rigidus (Pratt 2001, A. Anderson
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pers. observ.). It is possible that P. erecta is an important post-diapause
secondary host plant species at this site, because C. rigidus is immature and less
abundant than P. erecta when larvae come out of diapause (Pratt 2001). At
occupied sites where P. erecta and P. patagonica co-occur, P. erecta often dries
out earlier than P. patagonica; therefore, P. patagonica may serve as a pre-
diapause secondary host plant at some sites (Pratt 2001).

The two most important factors affecting the suitability of host plants for Quino
checkerspot butterfly oviposition are exposure to solar radiation and phenology,
(timing of the plant’s development). Female Quino checkerspot butterflies
deposit eggs on plants located in full sun, preferably surrounded by bare ground
or sparse, low vegetation. Adult female butterflies are adept at selecting those
plants that receive adequate sunshine and will remain edible the longest (Mackay
1985, Parmesan 1991, Singer 1994, Parmesan et al. 1995). Plants shaded
through the midday hours (1100 to 1400) or embedded in taller vegetation
appear to be less likely targets for oviposition, probably because of the high
temperature requirements of developing larvae (Weiss ef al. 1987, 1988;
Osborne and Redak 2000). However, females have been observed depositing
eggs on host plants shaded by shrubs late in the season when host plants in open
areas were declining in suitability (K. Osborne, pers. comm. 2002). Primary
host plants must remain edible for approximately 4 weeks after eggs are laid (2
weeks for egg maturation and 2 weeks for larval feeding; Singer 1972, Singer
and Ehrlich 1979).

Euphydryas editha egg clusters typically contain 20 to 150 eggs (M. Singer, C.
Parmesan, and G. Pratt, pers. comm.), only a small fraction of which are likely to
survive to maturity. Destruction of eggs by predators and physical disturbance
can be substantial. Even so, it would be unusual for an individual Plantago plant
to support an entire larval cluster to diapause. Normally, pre-diapause larvae
consume the plant on which they hatch, then disperse in search of new plants.
The ability of pre-diapause larvae to search is limited, especially prior to the
third instar. First and second instar larvae can find hosts within 30 centimeters
(1 foot) of their natal host plant. By mid-third instar, larvae can travel up to 1
meter (3.3 feet) to find host plants (G. Pratt, pers. comm.). Therefore, high local
host density is necessary for high larval survival rates, but most host plants
should occur in sufficiently open areas with high solar exposure. When
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secondary hosts are nearby, the density of primary host plants that is needed may
be reduced.

Euphydryas editha butterflies use a much wider range of plant species for adult
nectar feeding than for larval foliage feeding. These butterflies apparently learn
to alight on and find nectar in particular flower species, demonstrating some
degree of nectar source constancy (McNeely and Singer, in press). Euphydryas
editha has a short tongue and cannot feed on flowers that have deep corolla tubes
or flowers evolved to be opened by bees (M. Singer, pers. comm.). Euphydryas
editha prefers flowers with a platform-like surface on which they can remain
upright while feeding (D. Murphy, G. Pratt, and M. Singer, pers. comm.). The
butterflies frequently take nectar from Lomatium spp. (lomatium), Muilla spp.
(goldenstar), Achillea millefolium (milfoil or yarrow), Amsinckia spp.
(fiddleneck), Lasthenia spp. (goldfields), Plagiobothrys and Cryptantha
spp.(popcornflower), Gilia spp. (gilia), Eriogonum fasciculatum (California
buckwheat), Allium spp. (onion), and Eriodictyon spp. (yerba santa) (D. Murphy
and G. Pratt, pers. comm.). Salvia columbare (chia) (Orsak 1978; K. Osborne,
pers. comm. 2001; G. Pratt, D. Murphy, pers. comm. 2001), and Dichelostemma
capitatum (blue dicks) (K. Osborne, pers. comm. 2002) may also be used for
nectar feeding. Quino checkerspot butterflies have been observed flying several
hundred meters from the nearest larval host plant micro-patch to nectar sources
(White and Levin 1981). However, studies of bay checkerspot butterflies found
that they tended to deposit eggs on hosts that are close to, rather than farther
from, adult nectar sources (Murphy 1982, Murphy et al. 1983).

Although habitat patch delineation may theoretically be estimated based on host
plant micro-patch and nectar source distribution, and host and nectar plant
density, delineation of long-term habitat patch footprints (and areas of extant
larval occupancy) is difficult to estimate at any given time in the field. Plant
population quality, density, and distribution change over time for a variety of
reasons, and Quino checkerspot butterfly populations have evolved to respond to
shifting habitat patch suitability in space and time (White and Levin 1981,
Murphy and White 1984, Osborne and Redak 2000). For example,
environmental conditions may not favor plant germination one season, or favor
germination of other plant species, but low-density germination of host plant
individuals and/or a seed bank may still result in abundant germination at a later
date. Lower primary host plant density may be sufficient if secondary host plant
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species are present; however, feeding by herbivores, including Quino
checkerspot butterfly larvae, will reduce the density of host plants, even under
the best environmental conditions.

3. Climatic Effects

Lepidopterists have documented the extirpation of Euphydryas editha
populations associated with unusual climatic events (Singer and Ehrlich 1979,
Ehrlich ef al. 1980, Singer and Thomas 1996). For example, the severe drought
in northern California from 1975 through 1977 caused the apparent extirpation
of 24 percent of surveyed populations of E. editha (Singer and Ehrlich 1979,
Ehrlich et al. 1980). Observations and experiments suggest that the relationship
between weather and survival of E. editha is mediated by the timing of its life
cycle relative to that of its host and nectar plants (Singer 1972, Ehrlich et al.
1975, Boughton 2000). Phenological mismatches have been observed in
southern California on several occasions when first instar larvae were found on
plants that were already dying, making it highly unlikely that they would support
the larvae to diapause (Parmesan, in press, K. Osborne, pers. comm. 2002, A.
Anderson pers. observ. 2002). In general, weather conditions that hasten
completion of a plant's life cycle relative to that of the butterfly, such as warm,
cloudy weather, cause increased larval mortality (Singer 1983, Boughton 1999).
Conversely, conditions that slow the completion of a plant's life cycle relative to
that of the butterfly can increase larval survival. Microtopographic
heterogeneity and associated microclimate heterogeneity, on a scale that allows
larvae and ovipositing adults to select among sites, should help prolong
occupancy of habitat patches (Singer 1972; Singer and Ehrlich 1979; Weiss et al.
1987, 1988; Osborne and Redak 2000).

Severe local climatic events can profoundly affect Euphydryas editha
populations. The prolonged drought in California in the 1980's is credited as
being largely responsible for near-extirpation of the Quino checkerspot butterfly
(Mattoni et al. 1997). Similar effects were observed in the Jasper Ridge bay
checkerspot butterfly metapopulation during the drought from 1976 to 1978
(Murphy and Ehrlich 1980). In a 1983 study, unusually cold temperatures
combined with wet conditions were a major mortality factor for bay checkerspot
butterfly pupae placed in the field (White 1986). Mortality during the pupal
stage was high and variable enough to affect adult numbers and population
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dynamics (53 to 89 percent; White 1986). Historical accounts and precipitation
records also suggest that a severe flood was at least partially responsible for
extirpation of lower elevation Quino checkerspot butterfly populations in Orange
County (see section I.C.5, Metapopulation Resilience). Weather may directly
destroy individuals, or indirectly destroy them by increasing vulnerability to
disease and predation (White 1986).

It has been hypothesized that the Quino checkerspot butterfly is probably better
adapted to survive dry conditions, and has been selected to undergo multiple-
year diapause more frequently than more northern subspecies of Euphydryas
editha because the climate is generally warmer and drier and rains are less
predictable (K. Osborne, pers. comm.). Nevertheless, two of the most severe
droughts in recorded history appear to have primarily occurred in northern areas.
The 1929 to 1934 drought in California, characterized as the “longest, most
severe in the State’s history” (Paulson et al. 1989) does not appear to have
affected Quino checkerspot butterfly populations, and is not reflected in the Los
Angeles rainfall record (A. Anderson in [itt. 2003). The 1975 to 1977 drought
that apparently contributed to extirpation of local bay checkerspot butterfly
populations was characterized as “Statewide, except southwestern deserts,” and
“The driest 2 years in State’s history, most severe in northern 2/3 of state,”
(Paulson et al. 1989). The 1975 to 1977 drought was not reflected in San Diego
County rainfall records; furthermore, it immediately preceded the Quino
checkerspot butterfly population explosions in southwestern San Diego County
documented in the late 1970's (Murphy and White 1984). Therefore, any
conclusions regarding enhanced ability of the Quino checkerspot butterfly to
survive drought compared to other subspecies of E. editha (e.g. as an explanation
for Parmesan’s 1996 results) must be considered speculative.

4. Population Structure

Distribution of the Quino checkerspot butterfly, and many other subspecies of
Euphydryas editha, is patchy at several geographic scales (Hanski 1999). Local
resources are unevenly distributed on the scale of meters, clusters of host plant
micro-patches are unevenly distributed to form habitat patches at the scale of
kilometers, and these in turn are patchily distributed at even larger scales to form
networks of connected habitat patches called metapopulations. Butterfly
metapopulations may belong to larger interdependent networks forming greater
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metapopulations (Murphy and Ehrlich 1980, termed “megapopulations” by
Hanski 1999).

Interaction of individuals among local habitat patch populations in a
metapopulation is reduced compared to interaction within local populations.
Individuals interact among local populations enough to reduce the extinction
probability of the metapopulation compared to the extirpation probability of any
local population (extirpation probabilities are not independent). In this case,
interaction specifically refers to emigrants re-colonizing neighboring habitat
patches where the local population has been extirpated, not just occasional
exchanges of genetic material. Metapopulations differ from pan-mictic (well-
mixed) populations with patchily-distributed habitat in that exchange of adult
individuals between larval habitat patches is relatively restricted on a seasonal
basis, but frequent enough that vacant habitat patches are likely to be recolonized
in ecological time (Hanski 1999). All individuals in pan-mictic populations are
assumed to interact equally. The pan-mictic and metapopulation models form
two extremes of a continuum (Hanski 1999), with most butterfly populations

probably lying somewhere in between.

Local habitat patches in Euphydryas editha populations are generally composed
of a set of larval host plant "micro-patches" within the typical flight range of the
adult butterflies (about 50 to 200 meters [160 to 660 feet]), thus comprising a
greater adult "habitat patch." To estimate the amount of food resources
necessary to maintain a local population, we assumed that a population of 100
adults, with a balanced sex ratio, is typical within a habitat patch. Life-history
data from the field (Singer 1972, Moore 1989) indicate that in a population that
is neither increasing nor decreasing, each mated female would produce, on
average, three to four adults, some of which would emigrate or fail to reproduce.
If a mated female lays three to four egg clusters, then each egg cluster would
generate, on average, a single adult. Based on these assumptions, in a population
of 100 adults, 50 females would each need to find 3 to 4 micro-patches of host
plants, so a local habitat patch would need 50 x (3 to 4), or 150 to 200 suitable
micro-patches of 20 (or more) Plantago erecta plants to support a local
population of prediapause larvae. Lower density of Plantago spp. host plants
may be sufficient if other host plant species are present.
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Larger host plant “micro-patches” could accommodate more egg clusters, but no
evidence exists to suggest that Euphydryas editha butterflies spatially distribute
egg masses in a manner that would maximize offspring survival. On the
contrary, individual females often apparently independently select the same
oviposition sites, leading to high mortality of larvae from competition (Rausher
et al. 1981, Boughton 1999).

Each successful post-diapause larva consumes several hundred Plantago
seedlings, and the impact on a plant population can be severe. Therefore,
post-diapause larval feeding has three consequences for habitat assessments:

1) Plantago density estimates made during seedling stages, when post-diapause
larvae have not yet finished feeding, must consider future post-diapause feeding
needs; 2) the number of observable/detectable plants in a Plantago population
that currently supports Quino checkerspot butterfly larvae will be lower than the
number in the same population without the butterflies; and 3) measurements of
Plantago density in habitat patches not supporting larval development may
overestimate the ability of habitat patches to support a butterfly population.
Also, if many larvae re-enter diapause during dry years, habitat suitability with
respect to required host plant density may be underestimated due to low
germination rates that do not affect the population of larvae. Note, a substantial
amount of primary or secondary host plants must remain after the post-diapause
larvae have finished feeding if a habitat patch is to support clusters of pre-
diapause larvae. If too few primary host plants remain, females must disperse to
seek new habitat patches for oviposition.

Local habitats alone are generally not sufficient to ensure the long-term
persistence of butterfly metapopulations (Hanski 1999). A local population may
be expected to persist on the time scale of years. Persistence for longer terms
(decades) derives from the interaction between sets of local habitat patch
populations at larger geographic scales. These sets of populations are known as
metapopulations. For the bay checkerspot butterfly, a metapopulation was

'

described as: "...a set of populations (i.e., independent demographic units;
Ehrlich 1965) that are interdependent over ecological time. That is, although
member populations may change in size independently, their probabilities of
existing at a given time are not independent of one another because they are
linked by processes of extirpation and mutual recolonization, processes that
occur, say, on the order of every 10 to 100 generations." (Harrison et al. 1988).
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The ability and propensity of larvae to undergo multiple-year diapause in the

field, and survival rates during repeated diapause (currently unknown), will also

affect the persistence time of local populations.

The timescale of extirpation and recolonization depends on the population's

geographic/temporal scale (hierarchical level) in question (Table 1). Smaller

metapopulations, composed of sets of local habitat patches described above,

should persist over the course of many decades, with habitat patches recolonized

within a few years to more than a decade of extirpation (Harrison ef al. 1988).

Larval occupancy blinks in and out within the habitat patches, but the

metapopulation as a whole remains resilient, provided extirpations offset

recolonizations. An example of a small bay checkerspot butterfly

metapopulation occurs at Jasper Ridge, San Mateo County. As stated above, at

larger geographic scales, sets of small metapopulations can be nested within

larger “megapopulations” (Hanski 1999). Small metapopulations experience

extirpation and recolonization at the megapopulation scale over the course of

Table 1. Distribution Scales of Bay Checkerspot Metapopulations.

Habitat patch  Metapopulation Megapopulation

Example Area H Jasper Ridge Morgan Hill and
associated
metapopulations

Estimate less than 25 25-400 hectares 400-40,000 hectares

of hectares (0.10-1.5 square miles)  (1.5-150 square

example (0.10 square miles)

area mile)

Estimated  50-500 500-2,000 over 2,000

number of

individuals

Estimated  Years Decades Centuries

persistence

time
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centuries rather than decades. However, long-term persistence of species with
metapopulation dynamics may depend on maintenance of geographically
intermediate habitat patches or rare long-distance dispersal events that link larger

metapopulations.

Rare examples exist of Euphydryas editha populations that apparently do not
require a metapopulation structure for long-term persistence. One example is the
small E. editha population at Surf, north of the City of Santa Barbara near Point
Sal. This local coastal population has persisted in apparent isolation for more
than 50 years in a habitat patch no larger than 30 square meters (320 square feet)
(Parmesan 1996), perhaps due to the stable marine climate influence. In
contrast, the size of the mainland habitat patch supporting the most stable local
population of the Morgan Hill metapopulation of bay checkerspot butterfly is
approximately 17 by 3 kilometers (11 by 2 miles), a large geographic area
(Harrison et al. 1988). In Colorado, diffuse, well-mixed populations of E. editha
have been documented that inhabit many square kilometers of more or less
continuous habitat (Ehrlich and Murphy 1987). Several metapopulations of
butterfly species in Finland closely related to the Quino checkerspot butterfly
(Euphydryas aurinia, E. maturna, Melitaea cinxia, M. diamina, and M. athelia)
were documented to have Levin's-style population structures (see below), and all
occupied distributions were close to 1,500 by 1,500 kilometers (930 by 930
miles) in size, and composed of 12 to 20 local populations (Wahlberg et al.
2002). At a population scale, habitat may support similar densities of E. editha
in pan-mictic populations compared to metapopulations, but at a habitat-

patch/local population scale densities may be greater for metapopulations.

Three theoretical types of metapopulation structure have been described: the
mainland-island, source-sink, and Levin’s types (Hanski 1999). The bay
checkerspot butterfly metapopulation at Morgan Hill represents an example of a
mainland-island type in which occupancy of a single, large mainland habitat
patch persists through time while outlying small island habitat patches must be
regularly recolonized (Harrison et al. 1988). This population structure is similar
to the one Murphy and White (1984) hypothesized exists for the Quino
checkerspot butterfly in the Otay Lakes area, San Diego County. A mainland-
island metapopulation contains one or more very large habitat patch/population
(the mainland) with a lower risk of extirpation, and other, smaller (island) habitat
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patches/populations with higher risks of extirpation than the mainland population
due to their limited size. This type is slightly different from the “source-sink”
population model (below), in that island populations can have the same growth
rates as the mainland patch. Island populations may be collectively just as
important to metapopulation persistence as is the mainland population, and they
are likely to serve as sources of immigration for each other, or even the mainland
patch in case of catastrophic events such as wildfire.

A source-sink metapopulation contains one or more local populations that are
commonly sources of colonization for associated sink populations. In source
populations, emigration exceeds immigration, while in sink populations,
immigration exceeds emigration. Sink populations are dependent, at least
temporarily, on source populations to maintain nonnegative growth rates. It
would be a mistake to assume source populations are more resilient over time, as
the status of local populations can change and may even be reversed when
changing environmental or density-dependent factors alter the growth rates of
local populations (Boughten 1999, 2000). Even if immigration exceeded
emigration in a sink, as long as sinks produce some emigrants, they may
occasionally recolonize neighboring habitat patches (they are just less likely to
do so than a source population).

A Levin’s-type metapopulation, as exemplified by the Euphydryas editha
nubigena (Sierra Nevada Edith's checkerspot butterfly) metapopulation along the
General's Highway in Tulare County, has a structure in which each habitat patch
(except those disturbed by logging) has a more or less equal probability of
extirpation (Thomas et al. 1996). Not all local populations are extirpated
simultaneously, and patches supporting larval development regularly provide
immigrants for habitat patches temporarily not supporting larvae (Singer and
Thomas 1996; Thomas et al. 1996; Boughton 1999, 2000). It is possible for a
metapopulation structure to exhibit aspects of all three types. It is not known
which type of metapopulation structure is most common in the Quino
checkerspot butterfly, but most populations of this species almost certainly have
an element of metapopulation structure at some geographic and spatial scale.

Using metapopulation theory, reserves should be designed to provide sufficient
numbers of habitat patches such that: 1) only a small number of habitat patches
will likely be extirpated in a single year; and 2) patches are close enough that
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natural recolonization can occur at a rate sufficient to maintain a relatively
constant number of patches supporting larval development. In general, the more
frequent the extirpations, the more patches that are necessary to support a
metapopulation for a given length of time (Harrison and Quinn 1989).
Environmental diversity among member habitat patches should also reduce the
probability of simultaneous extirpation of habitat patches (Harrison and Quinn
1989). Landscape connectivity between and within metapopulations should be
maintained whenever possible.

Fragmentation of Quino checkerspot butterfly habitat has isolated many habitat
patches and small networks from other habitat patches and networks, therefore
the need for active future management is anticipated. Extirpation of isolated
local populations is likely, given that periodic extirpations on that scale is
common in Euphydryas editha (Ehrlich et al. 1975). All else being equal, the
probability of a small metapopulation being extirpated within a few decades is
higher than a larger one because of the increased probability of simultaneous
extirpation of each habitat patch. Unless a resilient mainland population is
documented, Quino checkerspot butterfly reserves should be designed to protect
presumed Levins-style metapopulation dynamics, in which a relatively constant
number of linked habitat patches occupied by larvae persist and natural
extirpation and recolonization of all local populations occurs with equal
frequency.

The scientific literature commonly refers to habitat patches within a
metapopulation as “occupied” or “unoccupied,” depending on whether they
support larval development, and adult use is detectable. However, to avoid
confusion between the metapopulation scale use of the term occupancy, and the
habitat patch/local population scale use of this term, in this document we avoid
referring to habitat patches within the current distribution of a metapopulation as
unoccupied. Although local populations, may be “extirpated,” and habitat
patches may be recolonized, all habitat patches within a metapopulation
distribution are considered to be occupied by adults. If a population is well-
mixed, then the “habitat patch” defines its distribution, and the term “occupancy”
1s used.
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5. Metapopulation Resilience

The term resilience is used here to describe persistent Quino checkerspot
butterfly populations. Although no quantitative analysis of a model to fit Quino
checkerspot butterfly population dynamics is possible at this time, populations
do appear to fit the qualitative description of a resilient system. Resilient natural
systems tend to maintain their integrity when subject to disturbance; examples
include periodic insect population outbreaks resulting from a hard loss of
stability (resistance to restabilization) and hysteresis (presence of a lag-time
prior to effect observation) (Ludwig ef al. 1997). Although resilient populations
may naturally show great fluctuations in size, they are capable of maintaining the
their integrity over time if suitable habitat remains available.

Local Quino checkerspot butterfly populations that survive such negative
environmental events as prolonged drought appear to have the potential to
rapidly increase in density and recolonize habitat patches under favorable
conditions. This ability is characterized by rapid increases in density and then
dispersal to habitat patches not currently supporting larval development when
natal patches become too densely occupied (Harrison 1989, Murphy and White
1984). Dispersal events primarily serve to recolonize habitat patches where local
populations were extirpated by catastrophic events such as fire, by prolonged
unfavorable environmental conditions, by stochastic population events, or by
density-dependent intra-specific competition. Single and multiple-year diapause
allows local populations to persist short-term (1 or more years) in habitat patches
when environmental conditions remain unfavorable for less prolonged periods
(maximum number of years unknown). This combination of population-
regulation mechanisms has been termed “density-vague,” where both density-
dependent and environmental factors contribute to long-term population
dynamics (Strong 1986).

There appears to be a delicate balance between the ability of Quino checkerspot
butterfly populations to survive detrimental environmental conditions and
rapidly increase in number under favorable conditions, and their vulnerability to
habitat destruction and adverse environmental conditions (Murphy and White
1984). In the past the Quino checkerspot butterfly has exhibited population
outbreaks (Orsak 1974, Murphy and White 1984) and these outbreaks have, in
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some cases, been followed by population extirpation (Orsak 1974).
Environmental conditions that would naturally result in a temporary population
crash followed by recovery, may result in extirpation of the population when
their effects are exacerbated by human impacts to habitat.

Accounts of large population density fluctuations at historic Quino checkerspot
butterfly population sites (Orsak 1973, Murphy and White 1984), and collection
record data (A. Anderson in [ittz. 2003), indicate that the Quino checkerspot
butterfly is a climate-sensitive, “eruptive” species that semi-regularly increases
its adult densities by orders of magnitude over a period of 5 to 10 years, then
drops back to much lower densities over a similar period of time (Orsak 1974, A.
Anderson in litt. 2003). Droughts, fires, and floods appear to severely reduce
population densities, but intermediate amounts of precipitation, combined with
high temperatures, appear to restore high population densities (Murphy and
White 1984, A. Anderson in /litt. 2003). These major weather pattern-driven
fluctuations in Quino checkerspot butterfly population densities are similar to the
long-term population fluctuations in the bay checkerspot butterfly recorded by
Paul Ehrlich’s research group at Jasper Ridge (Ehrlich et al. 1975). The balance
between resilience and vulnerability appears to have been disrupted in this case,
because the Jasper Ridge bay checkerspot butterfly population is believed to
have been extirpated in 1997 (Mattoni ef al. 1997). The last range-wide Quino
checkerspot butterfly population density and/or distribution low was in the late
1980's. Other documented historic range-wide density and/or distribution lows
for this species occurred in the mid 1960's, early 1950's, the late 1930's-early
1940's, and the mid-1920's (A. Anderson in [itt. 2003). The Quino checkerspot
butterfly appears to exhibit population lows about every 10 to 20 years
corresponding with either drought or flood conditions (A. Anderson in /itt.
2003). Increased late 1990's/early 2000's population levels (relative to the
1980's) were certainly reduced relative to past levels (pre-1980's) due to
extensive, cumulative habitat and population loss caused by humans. If past
patterns and the severe "100-year" 2002 drought (National Climatic Data Center
2002) are any indication, we may experience another decline over the next 5
years. It is not clear that the remaining populations are resilient enough to
survive another decline such as the one that occurred in the 1980's.

The apparent extirpation of the Quino checkerspot butterfly from Orange County
is probably an example of a large-scale loss of populations and regional
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resiliency (megapopulation extirpation). Examination of the history of Orange
County Quino checkerspot butterfly populations (A. Anderson in /itt. 2003)
indicates that a combination of naturally occurring events (e.g. drought, cold-
snaps, flood, and fire), exacerbated by ongoing human-caused habitat destruction
and degradation (development, agriculture, and grazing), resulted in the apparent
extirpation of formerly resilient Quino checkerspot butterfly populations from
Orange County. In 1938, a 100-year flood (Paulson et al. 1989) apparently
eliminated what was left of the low-elevation Quino checkerspot butterfly
populations in Orange County (A. Anderson in /itt. 2003) and marked the last
year of any recorded lower-elevation Quino checkerspot butterfly collection in
Orange County (A. Anderson, in /itt. 2003). The severity of this flood was
described as:

...some of the heaviest rain ever recorded occurred in 1938. A storm hit February 27
and did not subside until five days later. Ten inches fell on the fourth day alone, at
times measuring two inches an hour. Roads and bridges were washed out and 19
people drowned (Orange County Water District 2001).

If the lower elevation population of the butterfly that existed at Irvine Park,
Orange County, had not been permanently extirpated, apparently by a
combination of human-related impacts and catastrophic natural events, it
probably would have served as a source of recolonization for the higher-
elevation Black Star Canyon/Hidden Valley population (approximately 5
kilometers [3 miles] away) after the 1967 fire that apparently extirpated that
population. Conversely, if most of the habitat at Irvine Park had not been
degraded, higher elevation populations might have recolonized that habitat
following the 1938 flood event.

On the scale of the species-wide distribution of the Quino checkerspot butterfly
(and in most cases on the population scale as well), each consecutive population
density high and low during the 20™ century must have been reduced from the
previous one, due to ongoing human-caused destruction of habitat and source
populations. This undeniable long-term downward population trend,
superimposed on apparent 10- to 20-year population density peaks, must be
considered when assessing current species’ status and planning for recovery. For
some recovery units, we may be approaching an ex